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Specification 

1. Title of the Invention 

SYSTEM OF MONITORING AN SDH DIGITAL MULTIPLEX TRANSMISSION LINE 

2. Claims 

(1) A system of monitoring an SDH digital multiplex 
transmission line, comprising: 

low-speed path terminating devices that terminate 
low-speed paths; and 

plural high-speed path terminating devices that 
demultiplex plural low-speed paths to high-speed paths in the 
middle of the low-speed paths and terminate the high-speedpaths, 
each of the path terminating devices having a means for generating 
error notification information upon detection of error 
conditions of a received path signal and the device, 
wherein 

the high-speed path terminating devices have a means for 
inserting an identifier of a high-speed path in which an error 
condition was detected, together with the error notification 
information, as monitoring information, into overheads on frame 
formats of all low-speed paths housed in the high-speed path 
in which the error condition was detected, and the low-speed 
path terminating devices have a means for separating the 
monitoring information from received overheads of the low-speed 
paths to analyze it. 

(2) A system of monitoring an SDH digital multiplex transmission 
line, comprising: 

low-speed path terminating devices that terminate 



low-speed paths; and 

plural high-speed path terminating devices that 
demultiplex plural low-speed paths to high-speed paths in the 
middle of the low-speed paths and terminate the high-speed paths, 
each of the path terminating devices having a means for generating 
error notification information upon detection of error 
conditions of a received path signal and the device, 
wherein 

the high-speed path terminating devices have a means for 
inserting an identifier of a high-speed path or a device in error 
condition and the time when the error condition was detected, 
together with the error notification information, as monitoring 
information, into an overhead on a frame format of a high-speed 
path of a next section, and a means for transferring monitoring 
information from a preceding section, and the low-speed path 
terminating devices have a means for separating the time when 
an error condition was detected from the monitoring information 
received from an adjacent high-speed path terminating device, 
and comparing the time with the time when an error condition 
in a low-speed path was detected. 
3. Detailed Description of the Invention 
(Purpose of the Invention) 
(Field of Industrial Application) 

The present invention relates to a system of monitoring 
an SDH digital multiplex transmission line monitoring a digital 
multiplex transmission line employing optical fiber cables, and 
more particularly to a multiplex transmission system employing 
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I 

interfaces conforming to G.707, G.708, G.709, and others 
recommenced in International Consultative Committee for 
Telephone and Telegraph (CCITT) . 
(Prior Art) 

A multiplex transmission line of this type, as shown in 
FIG. 9, has a low-speed path PL provided to transmit information 
between areas A and B, and a high-speed path PN passing through 
the middle of the high-speed path PN. One end of the low-speed 
path is terminated in a low-speed path terminating device Tla 
in the area A, and the other end is terminated in a low-speed 
path terminating device Tlb in the area B. One end of the 
high-speed path PN is terminated in a high-speed path terminating 
device Tha in the area A, and the other end is terminated in 
a high-speed path terminating device Thb in the area B. In FIG. 
9, only one low-speed path PL passes through the high-speed path 
PN. However, actually, plural low-speed paths are 
demultiplexed to high-speed paths. In such a multiplex 
transmission line, assume that the low-speed path PL operates 
at 1.5 Mb/s and the high-speed path PN operates at 52 Mb/s. A 
system of monitoring such a multiplex transmission line is 
commercialized in various modes. Its representative example 
is disclosed in Yokoyama, Yamaguchi, Kitazawa, Yamada: 
"Technology of Configuring COSMICS, " NTT, Vol. 40, No. 11, page 
60 and before (1988) . 

In the multiplex transmission line shown in FIG. 9, assume 
that a failure occurs in the high-speed path PN at a failure 
point P. Failure information Aha and Ahb detected in high-speed 
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path terminating devices Tha and Thb terminating the high-speed 
path PN is outputted. At the same time, since the low-speed 
path PL housed in the high-speed path PN also fails, failure 
information Ala and Alb detected in the low-speed path terminating 
devices TLA^nd Tlb terminating the low-speed path PL is outputted. 
These pieces of failure information are transferred to monitoring 
controllers TMOSa and TMOSb/ and a center device NOSrb via alarm 
collecting devices DSVa and DSVb. The monitoring controllers 
and the center device register in advance the high-speed path 
PN, the high-speed path terminating devi ces Tha and Thb^ the 
high-speed path PN, and the low-speed path terminating devices 
Tla and Tlb as network configuration information . Thereby, based 
on the inputted failure information Aha/ Ansf Ala/ and Alb/ the 
monitoring controllers and the center device locate a failure 
section and failure contents within an area and between areas, 
respectively. 

(Problem to be Solved by the Invention) 

In the above-mentioned conventional system of monitoring 
a multiplex transmission line, for example, if the high-speed 
path fails, failure information is outputted from the high-speed 
path terminating device. At the same time, the low-speed path 
housed in the high-speed path also fails, and failure information 
is also outputted from the low-speed path terminating devices. 
As a result, since much failure information will concentrate 
or must be concentrated in the monitoring controllers and the 
center device, there is a problem that, in addition to 
communication lines for transmitting main signals, additional 
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communication lines from each path terminating device to the 
monitoring controllers and the center device are required. 

Moreover, to locate a failure point from the much failure 
information, it is necessary to have a database containing 
information indicating which low-speed paths are housed in which 
high-speed paths. Specifically, the monitoring controllers 
must have a network configuration database indicating connection 
relationships among all related path terminating devices, and 
there is a problem in that the configuration is complicated. 

Furthermore, the network configuration database must 
perfectly reflect actual connection relationships, and always 
hold the most recent information by changing data each time a 
connection relationship is changed. This requires cumbersome 
operations . 

The present invention has been made in view of the above 
circumstances and provides a system of monitoring an SDH digital 
multiplex transmission line that can correctly judge the contents 
of path error conditions with a simple configuration. 
[Configuration of the Invention] 

(Means for Solving the Problems) 

To achieve the above object, a system of monitoring an 
SDH digital multiplex transmission line of the present invention 
comprises: low-speed path terminating devices that terminate 
low-speed paths; and plural high-speed path terminating devices 
that demultiplex plural low-speed paths to high-speed paths in 
the middle of the low-speed paths and terminate the high-speed 
paths, each of the path terminating devices having a means for 



generating error notification information upon detection of 
error conditions of a received path signal and the device. The 
high-speed path terminating devices have a means for inserting 
an identifier of a high-speed path in which an error condition 
was detected, together with the error notification information, 
as monitoring information, into overheads on frame formats of 
all low-speed paths housed in the high-speed path in which the 
error condition was detected. The low-speed path terminating 
devices have a means for separating the monitoring information 
from received overheads of the low-speed paths to analyze it. 

Also, a system of monitoring an SDH digital multiplex 
transmission line of the present invention comprises : low-speed 
path terminating devices that terminate low-speed paths; and 
plural high-speed path terminating devices that demultiplex 
plural low-speed paths to high-speed paths in the middle of the 
low-speed paths and terminate the high-speed paths . Here, each 
of the path terminating devices has a means for generating error 
notification information upon detection of error conditions of 
a received path signal and the device. The high-speed path 
terminating devices have a means for inserting an identifier 
of a high-speed path or device in error condition and the time 
when the error condition was detected, together with the error 
notification information, as monitoring information, into 
overhead on a frame format of a high-speed path of a next section, 
and a means for transferring monitoring information from a 
preceding section . The low-speed path terminating devices have 
a means for separating the time when an error condition was 



detected from the monitoring information received from an 
adjacent high-speed path terminating device, and comparing the 
time with the time when an error condition in a low-speed path 
was detected. 
(Function) 

In the system of monitoring an SDH digital multiplex 
transmission line of the present invention, the identifier of 
a high-speed path in which an error condition was detected is 
inserted into overhead on frame formats of all low-speed paths 
housed in the high-speed path as monitoring information, and 
low-speed path terminating devices separate the monitoring 
information from the overhead of a receiving low-speed path to 
analyze the monitoring information. 

In the system of monitoring an SDH digital multiplex 
transmission line of the present invention, the high-speed path 
terminating devices have a means for inserting an identifier 
of a high-speed path or device in error condition and the time 
when the error condition was detected, together with error 
notification information, as monitoring information, into 
overhead on a frame format of a high-speed path of a next section, 
and transfer monitoring information from a preceding section, 
and the low-speed path terminating devices separate the time 
when an error condition was detected from the monitoring 
information received from an adjacent high-speed path 
terminating device, and compare the time with the time when an 
error condition in a low-speed path was detected. 
(Preferred embodiments) 
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Hereinafter^ preferred embodiments of the present 
invention will be described with reference to the accompanying 
drawings . 

FIG. 1 is a drawing showing the configuration of a multiplex 
transmission line to which a system of monitoring an SDH digital 
multiplex transmission line according to an embodiment of the 
present invention is applied. The multiplex transmission line 
shown in the drawing includes low-speed paths LPi and LP2r 
low-speed path terminating devices LTa and LTc, and high-speed 
path terminating devices HTa^ HTb, and HTc, which are placed 
between the low-speed paths, demultiplex the low-speed paths 
to high-speed paths HPa, HPbi, and HPB2f and terminate the 
high-speed paths. Each of the devices includes a means for 
generating monitoring information from a received signal and 
operation conditions of the device. 

The following describes the operation of the multiplex 
transmission line. Generally, the high-speed paths and the 
low-speed paths allow bidirectional transmission. However, 
here, only unidirectional transmission will be described. In 
the high-speed path terminating devices, high-speed paths that 
they terminate, and identifier IDs assigned to identify the 
devices themselves are stored in advance. The high-speed path 
terminating device HTa inserts monitoring information Sa of the 
device to overheads on frame formats of the low-speed paths LPi 
and LP2. The high-speed path terminating device HTb inserts 
monitoring information Sa transferred by the overheads of the 
low-speed paths LPi and LP2, and monitoring information Sb 
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containing error condition notification information of the 
high-speed path HPa and the device to the respective overheads 
of the low~speed paths. Likewise, the high-speed path 
terminating device HTc inserts the monitoring information (Sa 
+ Sb) transferred by the overhead of the low-speed paths LPl 
and monitoring information Sc containing error notification 
information of the high-speed path HPbi and the device to an 
overhead of the low-speed path LPi. 

In this way, the low-speed path terminating device LTc 
can automatically collect monitoring information of all the 
high-speed paths and the high-speed path terminating devices 
through which the terminated low-speed path LPi has passed- 
Accordingly, by relating a detected error condition of the 
low-speed path with error conditions of the high-speed paths 
and the high-speed path terminating devices through which the 
low-speed path has passed, the cause of the error condition can 
be determined. 

FIG. 2 is a block diagram showing in detail the construction 
of the high-speed path terminating devices HTe and HTc, and the 
low-speed path terminating device LTc which are shown in FIG. 
1. In this embodiment, a 150-Mb/s signal (STM-l) is used as 
a high-speed path, and a 52-Mb/s signal (VC-32) is used as a 
low-speed path. FIG. 3 shows frame formats of the 150-Mb/s signal 
and the 52-Mb/s signal. Symbols shown are as described in Table 
1, and bytes marked with X may be freely used in individual 
countries. Of the path overhead, byte F2 provided for 
maintenance personnel and reserved bytes Z3 to Z5 are available 
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to the present invention. In this configuration, the F2 byte 
is used to transfer monitoring information. 



Table 1 (symbols of FIG. 3) 



Overhead byte 


Usage 


Section 
overhead 


A1.A2 


Frame synchronization 


B1. B2 


Error monitoring in error monitoring section zone of relay section zone 


D1 -D3 

D4- 

D12 


Used for maintenance 


C1 CO 
1 1, 


Voice comrnunication for maintenance personnel 


C1 


opcuiiuduon 01 o 1 ivi* 1 iTiuiiipicA siynai wiuiin o i ivi-ivi 


K1,K2 


Switching control and alarm transfer in section zone 


F1 


Used for maintenance personnel 


Z1.Z2 


Reserved 


Pointer 


H1,H2 


Indication of start phase of VC-32 path 


H3 


Frequency synchronization 


Path 

overhead 


J1 


VC-32 path connection path confimiation 


B3 


Error monitoring in VC-32 path zone 


C2, G1 


Alarm transfer 


F2 


Used for maintenance personnel 


H4 


Multiframe display 


Z3-Z5 


Reserved 



The following three error conditions are defined: "signal 
disconnection, " "an error rate of a specified value or greater 
(an error rate is calculated using a bit error detected by the 
Bl, B2, and 33 bytes within a device) , " and "failure of concerned 
device such as failure of a receiving circuit." Accordingly, 
the high-speed path terminating devices have a means for 
generating error condition notification information ALMH from 
received operation information of high-speed paths and operation 
information of the devices. The means comprises: frame 
synchronizing circuits 11 and 21 that detect signal disconnection 
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when synchronization cannot be established between frames; error 
detecting circuits 12 and 22 that detect the occurrence of an 
error; error rate calculating circuits 13 and 23 that detect 
that an error rate exceeds a prescribed value; and device 
monitoring circuits 14 and 24 that monitor a failure of the 
concerned devices. Also, monitoring information generating 
circuits 17 and 27 are provided to add an identifier IDn (stored 
in storage circuits 15 and 25 in advance) indicating a terminated 
high-speed path name or a device name to the error condition 
notification information ALMh and assemble monitoring 
information Sb and Sc. 

The low-speed path terminating devices have a means for 
generating error condition notification information ALMl from 
received operation information of low-speed paths and operation 
information of the concerned devices. The means comprises: an 
error detecting circuit 32 that detects the occurrence of an 
error; an error rate calculating circuits 33 that detects that 
an error rate exceeds a prescribed value; and a device monitoring 
circuit 34 that monitors a failure of the concerned devices. 

The high-speed path terminating device HTb separates 
monitoring information from received path overheads of the 
low-speed paths LPi and LP2 housed in the high-speed path HPa, 
adds monitoring information 83 generated in the device to the 
monitoring information, and inserts again the resultant 
monitoring information to the path overheads of the low-speed 
paths LPi and LP2. The high-speed path terminating device HTc 
separates monitoring information from a received path overhead 
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of the low-speed path LPi, adds monitoring information Sc 
generated in the device to the monitoring information, and 
inserts again the resultant monitoring information to the path 
overhead of the low-speed path LPi. The low-speed path 
terminating device LTc compares monitoring information of 
high-speed paths transferred by a received path overhead of the 
low-speed path LPi and monitoring information detected in the 
device to determine the cause of a failure. Specifically, the 
high-speed path terminating devices HTb and HTc include low-speed 
path separating circuits 18 and 28 for separating the low-speed 
paths housed in the high-speed paths, and selecting circuits 
19-1, 19-2, and 29 that separate F2 byte of the path overheads 
of the low-speed paths and, according to the existence of absence 
of error condition notification information ALMh from the 
monitoring information generating circuit, again insert 
monitoring information of the separated signal without 
modification, or additionally insert the output of themonitoring 
information generating circuits 17 and 27. The selecting 
circuits are provided corresponding to the low-speed paths . The 
high-speed path terminating device HTb includes low-speed path 
multiplexing circuits 20-1 and 20-2 that again multiplex the 
low-speed paths to the high-speed paths. 

On the other hand, the low-speed path terminating device 
LTc includes an F2 separating circuit 37 that separates F2 byte 
of overheads of the low-speed paths, and an analyzing circuit 
38 that compares monitoring information inserted by the 
high-speed path terminating devices and transferred in F2 byte. 
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and monitoring information detected in the concerned devices 
to determine the cause of a failure of the low-speed paths. 

The following describes a method of inserting monitoring 
information into overhead on a frame format of the low-speed 
paths. In FIG. 2, assume that an error (error rate deterioration: 
error rate exceeding a prescribed value) occurs in the high-speed 
path HPa. The detecting circuit 12 of the high-speed path 
terminating device HTb detects error rate deterioration of the 
high-speed path HPa and sends error condition notification 
information ALMha to the monitoring information generating 
circuit 17. The monitoring information generating circuit 17 
reads identifier IDha of the high-speed path HPa from the storage 
circuit 15, generates monitoring information Sb, and sends it 
to the selecting circuits 19-1 and 19-2. 

The selecting circuits 19-1 and 19-2 insert the monitoring 
information Sb into the path overhead F2 byte of the low-speed 
path LPi, and changes error monitoring byte B3 of VC-32 path 
zone. Specifically, the VC-32 path being a low-speed path is 
monitored end-to-end (between the low-speed path terminating 
devices LTa and LTc in this embodiment) using bit interleaved 
parity. Therefore, if monitoring information Sb is inserted 
midway, a failure of the low-speed path could not be monitored. 
A method of changing B3 byte will be described using FIG. 4, 
which is a drawing showing a detailed construction of the 
selecting circuits. In the drawing, the reference number 41 
designates a parity check circuit; 42, an F2 separating circuit; 
43, a data receiving circuit; 44, a data combining circuit; 45, 
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a data sending circuit; 46, an F2 inserting circuit; and 47, 
a parity changing circuit. In this operation, an inputted 
low-speed path LPi signal is checked in the parity check circuit 
41 to see if an error has occurred up to that point. At the 
same time, F2 byte is separated from the path overhead by the 
F2 separating circuit 42, and monitoring information is fetched 
from a preceding zone by the data receiving circuit. The data 
combining circuit 44 sends the monitoring information SB to the 
data sending circuit 45 in a period during which there is no 
monitoring information from the preceding zone. The data 
sending circuit 45 adds a frame signal for data communication 
and the like to the monitoring information Sb, assembles an 
existing HDLC signal, and sends it to the F2 inserting circuit 
46. The F2 inserting circuit 46 inserts the signal sent from 
the data sending circuit 45 to F2 byte of the path overhead of 
the low-speed path Pi. The parity adding circuit 46 recalculates 
interleaved parity of the low-speed path (VC-32 path) into which 
the monitoring information Sb is inserted, and puts the 
calculation result in B3 byte of the next frame as parity bits. 
At this time, when the parity check circuit 41 detects an error, 
1/0 of a corresponding bit is inverted to keep a monitoring status 
in the preceding zone. 

The error rate calculating circuits 33 of the low-speed 
path terminating device LTc detects error rate deterioration 
of the low-speed path LPi caused by error rate deterioration 
in the high-speed paths, and sends error condition notification 
information ALMLl to the analyzing circuit 38. On the other 



16 



hand, another input terminal of the analyzing circuit 38 receives 
the high-speed path monitoring information Sb transferred in 
F2 bytes of the path overhead of the low-speed path LPi after 
being separated by the F2 separating circuit 37. The analyzing 
circuit 38, by comparing the error condition notification 
information ALMli and the high-speed path monitoring information 
Sb/ can determine that the error rate deterioration of the 
low-speed path has been caused by the error rate deterioration 
of the high-speed path HPa. 

According to the above-mentioned system of monitoring a 
multiplex transmission line, in a system of monitoring operation 
conditions of a low-speed path by a low-speed path terminating 
device, monitoring information indicating operation conditions 
of a high-speed path terminating device installed in the middle 
of the low-speed path is inserted into an overhead on a frame 
format of a main signal of the low-speed path and automatically 
transferred to a low-speed path terminating device provided in 
a receiving end of the low-speed path, whereby a communication 
line for a monitoring information signal different from the main 
signal path is disabled, and the low-speed path terminating 
device is enabled to easily collect information about the cause 
of possible quality change 
to determine the cause. 

To be more specific, in the above-mentioned system of 
monitoring a multiplex transmission line, in a point where a 
failure (error) is detected, failure contents are added to the 
overhead on the frame format. When a failure occurs in a 
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high-speed path, information about the failure is put in the 
overhead of the low-speed path housed in the high-speed path. 
The frame format of a main signal is defined in G.707, 
G.708, G.709, and others recommenced in International 
Consultative Committee for Telephone and Telegraph (CCITT) . As 
paths in this embodiment, signals of various speeds including 
section are available. The section overhead and the path 
overhead have plural free bytes that can be used for various 
purposes. These bytes can be used to effectively transfer 
necessary monitoring information. The above-mentioned 
recommendations G. 707, G.708, and G . 709 are described in detail 
in "Blue Book" issued from International Telecommunication 
Union. 

FIG . 5 is a drawing showing the configuration of a multiplex 
transmission line to which a system of monitoring an SDH digital 
multiplex transmission line according to another embodiment of 
the present invention is applied. The multiplex transmission 
line shown in the drawing includes low-speed path terminating 
devices LTa, LTb, and LTd installed in both ends of low-speed 
paths LPi, LP2, and LP3, and high-speed path terminating devices 
HTftr HTbi, HTb2, HTc, and HTd, installed in the middle of the 
low-speed paths, which demultiplex the low-speed paths to 
high-speed paths HPa, HPbi, HPb2/ HPsSf and HPc, and terminate 
the high-speed paths. Each of the devices includes a means for 
generating monitoring information from a received signal and 
operation conditions of the device. 

The following describes the operation of the multiplex 
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transmission line. Generally, the high-speed paths and the 
low-speed paths allow bidirectional transmission. However, 
here, only unidirectional transmission will be described. In 
the high-speed path terminating devices, high-speed paths that 
they terminate, and identifier IDs assigned to identify the 
devices themselves are stored in advance. The high-speed path 
terminating device HTa inserts monitoring information Sa of the 
device to overhead of the high-speed path HPa. The high-speed 
path terminating device HTbi adds monitoring information Sbi 
including error condition notification information of the 
high-speed path HPa and the device to the monitoring information 
Sa transferred by the overhead of the high-speed path HPa of 
the preceding zone, and inserts the resultant monitoring 
information (Sa + Sbi) to overhead of high-speed path of the next 
zone. At this time, the low-speed paths LPi and LP2 housed in 
the high-speed path HPa are separated to the high-speed paths 
HPbi^ and HPB2f respectively. Therefore, the monitoring 
information (Sa + Sbi) is inserted into overheads of both the 
high-speed paths HPbi and HPb2. Likewise, the high-speed path 
terminating device HTc adds monitoring information Sc including 
error condition notification information of the high-speed paths 
HPb3 and HPbi and the device to the monitoring information Sb2 
transferred by overhead of the high-speed path HPbs and monitoring 
information (Sa + Sbi) transferred by overhead of the high-speed 
path HPbi, and inserts the resultant monitoring information (Sa 
+ Sbi + Sb2 + Sc) into overhead of the high-speed path HPc on the 
next zone. The high-speed path terminating device HTd adds 
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monitoring information of the high-speed path HPc and the device 
to monitoring information transferred by overhead of the 
high-speed path HPc, and transfers the resultant monitoring 
information to the low-speed path terminating device LTd over 
an inter-device information line L. 

In this way, the low-speed path terminating device LTq 
can keep track of monitoring information of all high-speed paths 
and high-speed path terminating devices through which the 
low-speed path LPi and LP3 have passed. Therefore, when an error 
condition is detected in a low-speed path, the low-speed path 
terminating device LTd can determine the cause of the error 
condition by relating the detected error condition with error 
conditions of the high-speed paths and the high-speed path 
terminating devices through which the low-speed path has passed. 

FIG. 6 is a block diagram showing in detail the 
configuration of the high-speed path terminating devices HTc 
and HTd, and the low-speed path terminating device LTd shown 
in FIG. 5. In this example, a 150-Mb/s signal (STM-1) is used 
as high-speedpaths, anda 52-M signal (VC-32) is used as low-speed 
paths. Frame formats of the 150-Mb/s signal and 52-M signal 
are as shown in FIG. 3. The upper three rows of section overhead 
are bytes used in relay zones , and when the relay zones are included 
to locate a failure, bytes Dl to D3 used for maintenance operation 
in Table- 1, byte Fl for use by maintenance personnel, and bytes 
marked with X within the upper three lines are available to the 
present invention. In this embodiment, Fl byte is used to 
transfer monitoring information. 
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As described above, the following three error conditions 
are defined: "signal disconnection," "an error rate of a 
specified value or greater/' and "failure of concerned device 
such as failure of a receiving circuit." Accordingly, the 
high-speed path terminating devices have a means for generating 
error condition notification information ALMh from received 
operation information of high-speed paths and operation 
information of the concerned devices. The means comprises: 
frame synchronizing circuits 11 and 31 that detect signal 
disconnection when synchronization cannot be established 
between frames; error detecting circuits 12 and 32 that detect 
the occurrence of an error; error rate calculating circuits 13 
and 33 that detect that an error rate exceeds a prescribed value; 
and device monitoring circuits 14 and 34 that monitor a failure 
of the concerned devices. Also, monitoring information 
generating circuits 19 and 39 are provided to add error detection 
time TMh (obtained from clocks 16 and 36) and an identifier IDN 
(stored in storage circuits 15 and 35 in advance) indicating 
a terminated high-speed path name or a device name to the error 
condition notification information ALMh and assemble monitoring 
information SC and SD. 

The low-speed path terminating devices, as a means for 
generating error condition notification information ALMl from 
received operation information of low-speed paths and operation 
information of the concerned devices, has an error detecting 
circuit 52 that detects the occurrence of an error. The 
high-speed path terminating device HTc in which an error rate 
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exceeds a predetermined value separates monitoring information 
from section overhead of the receiving high-speed path HPsi and 
HPs3/ adds monitoring information Sc generated in the device, 
and inserts the resultant monitoring information into overhead 
of the high-speed path HPc of the next stage. The high-speed 
path terminating device HTd separates monitoring information 
from the section overhead of the receiving high-speed path HPc, 
adds monitoring information So generated in the device, and 
transfers the resultant monitoring information to the low-speed 
path terminating device via the information line L. The 
low-speed path LTd compares the high-speed path monitoring 
information sent from the high-speed path-terminating device 
HTd via the information line L andmonitoring information detected 
in the device, and determines the cause of failure. Specifically, 
the high-speed path terminating devices HTc and HTd include Fl 
separating circuits 17 and 37 that separate Fl byte from receiving 
high-speed paths, and data receiving circuits 18 and 38 that 
fetch monitoring information from a separated signal . They also 
include selecting circuits 21 and 41 that, according to the 
existence of absence of error condition notification information 
ALMh, transfer monitoring information from the preceding 
high-speed path sections to the next high-speed path section 
without modification, or adds the output of the monitoring 
information generating circuits 19 and 39 to transfer the 
monitoring information to the next section. Demultiplexing 
circuits 20 and 40 demultiplex low-speed paths housed in the 
high-speed paths. The high-speed path terminating device HTc 
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includes an Fl inserting circuit 23 that inserts monitoring 
information into Fl byte of the high-speed path HPc. 

On the other hand, the low-speed path terminating device 
LTd includes a comparing circuit 64 that compares time TMl (given 
by clock 56) when an error was detected in the low-speed paths, 
and TMh in monitoring information sent from the high-speed path 
terminating device, and relates it with error condition 
notification information ALMl detected in the device. 

To perform message communication, the high-speed path 
terminating devices HTc and HTd include data receiving circuits 
18 and 19, and data sending circuits 22 and 24, and the low-speed 
path terminating device LTd includes a data receiving circuit 
58 . High-quality communication can be easily performed by using 
existing HDLC protocol or the like as communication protocols 
among the sending and the receiving circuits. FIG. 7 shows the 
configuration of HDLC frame used to transmit monitoring 
information as a message. 

The following describes a method of inserting monitoring 
information into overhead on a frame format of a high-speed path 
and a method of determining the cause of failure. In FIG. 6, 
assume that failures (error rate deterioration: an error rate 
of a prescribed value or greater) occurred in the high-speed 
paths HPbi and HPb3 at times TMhi and TMh3, respectively. The 
detecting circuit 12 of the high-speed path terminating device 
HTc detects error rate deterioration of the high-speed path HPbi 
and sends error condition notification information ALMhi to the 
monitoring information generating circuit 19. The monitoring 
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information generating circuit 19 reads the time TMhi when the 
error rate deterioration was detected from the clock 16, and 
the identifier IDhi of the high-speed path HPhi from the storage 
circuit 15, generates monitoring information Sci, and sends it 
to the selecting circuit 21. Also for error rate deterioration 
of the high-speed path HPbs/ in the same way, monitoring 
information Sc3 (error condition notification information ALMh3, 
detection time TMh3/ identifier IDhs) is generated and sent to 
the selecting circuit 21. Since there is no monitoring 
information transferred by overhead of the high-speed paths HPbi 
andHPea of the preceding section, the selecting circuit 21 sends 
only monitoring information Sc (Sci + Sc2) generated in the device 
to the data sending circuit 22. The data sending circuit 22 
assembles the monitoring information to HDLC frame configuration, 
and the Fl inserting circuit 23 inserts it into overhead on frame 
format of the high-speed path HPc- In this case, in the Fl byte, 
a message shown in FIG. 8 is sent. 

In the high-speed path terminating device HTd of the next 
stage, because the high-speed path HPc and the device are not 
in error condition, monitoring information of the Fl byte 
separated by the Fl separating circuit 37 is transferred to the 
low-speed path terminating device LTd via the information line 
L. 

. The error rate calculating circuit 53 of the low-speed 
path terminating device LPd detects error rate deterioration 
caused by the error rate deterioration that occurred in the 
high-speed path HPbi, and sends error condition notification 
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information ALMli to the comparing circuit 64 . The comparing 
circuit 64 reads the time TMli when the error rate deterioration 
was detected from clock 56, and compares it with times TMhi and 
TMh3 separated from the monitoring information Sc. The following 
expression is satisfied between times when error conditions due 
to an identical cause were detected: 
TMli = TMri + a 

a designates transmission delay time in a high-speed path 
and processing time within a device, usually no more than 100 
ms. In comparing detection times, by using several hundreds 
of milliseconds as a permissible error range, it can be correctly 
determined that the error condition notification information 
ALMli and ALMhi occurred for an identical cause. Since time 
difference between TMli and TMhs is greater than several hundreds 
of milliseconds, it is impossible to erroneously determine that 
the cause of ALMli is the same as that of ALMh3. By thus comparing 
detection times, even when failures occur in plural paths 
terminating in the low-speed path terminating device LTd, a 
high-speed path causing a failure of each path can be easily 
located. 

In the above-mentioned system of monitoring a multiplex 
transmission line, failure occurrence time is used as failure 
information and put in the overhead. The terminating part of 
a low-speed path detects when the path failed. Assume that the 
time is A. When a high-speed path fails, failure information 
including time information is put in the overhead of the 
high-speed path. Assume that the time is B. By comparing the 
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times A and B, it is determined that a cause at A is in the high-speed 
path in which the failure at B occurred, 
[Effect of the invention] 

As has been described above, according to the present 
invention, error condition notification information detected 
in a high-speed path terminating device is transmitted as 
monitoring information together with an identifier of a 
high-speed path or a device, to a low-speed path terminating 
device, using overheads on frame formats of all low-speed paths 
housed in the high-speed path. Or error condition notification 
information detected in the high-speed path terminating device 
is transmitted as monitoring information together with an 
identifier of a high-speed path or a device, and the time when 
it was detected, to the low-speed path terminating device, 
successively via high-speed path terminating devices, using 
overheads on frame formats of the high-speed paths . Therefore, 
the low-speed path terminating device can locate a failure 
section by relating an error condition of a low-speed path signal 
detected in the device with error conditions of high-speed paths . 
As a result, additional communication lines from each path 
terminating device to a monitoring device for locating a failure 
section are not required. Moreover, a network configuration 
database indicating connection relationships among bus 
terminating devices for locating failure sections becomes 
unnecessary, so that operations for maintaining the database 
become unnecessary. 

4. Brief Description of the Drawings 



FIG. 1 is a drawing showing the configuration of amultiplex 
transmission line to which a system of monitoring an SDH digital 
multiplex transmission line according to an embodiment of the 
present invention is applied. FIG. 2 is a block diagram showing 
in detail the construction of the high-speed path terminating 
devices, and the low-speed path terminating device which are 
used in FIG. 1. FIG. 3 is a drawing showing frame formats of 
150-Mb7s signal and 52-Mb/s signal that show the configuration 
of overhead of the embodiment of FIG. 1. FIG. 4 is a drawing 
showing the construction of the selecting circuits used in the 
high-speed path terminating devices of FIG. 2. FIG. 5 is a 
drawing showing the configuration of a multiplex transmission 
line to which a system of monitoring an SDH digital multiplex 
transmission line according to another embodiment of the present 
invention is applied. FIG. 6 is a block diagram showing in detail 
the configuration of the high-speed path terminating devices, 
and the low-speed path terminating device which are used in the 
multiplex transmission line of FIG. 5. FIG. 7 is a drawing 
showing the configuration of a message of monitoring information 
inserted into Fl byte. FIG. 8 is a drawing showing a message 
of monitoring information inserted into Fl byte. FIG. 9 is a 
drawing the construction of a conventional system of monitoring 
a multiplex transmission line. 

HTA, HTB, HTC, HTD ... High-speed path terminating device 
HPA, HPB, HPC ... High-speed path 

LTA, LTB, LTC, LTD ... Low-speed path terminating device 
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LPl, LP2, LP3 ... Low-speed path 
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FIG. 2 

High-speed path terminating device HTc (r^i^^^-^~) 
18, 28. Low-speed path separating circuit 

19- 2, 29. Selecting circuit 

20- 2. Low-speed path multiplexing circuit 

11, 21. Frame synchronizing circuit (signal disconnection 
detection) 

12, 22, 32. Error detecting circuit 

13, 23, 33- Error rate calculating circuit 

14, 24, 34. Device monitoring circuit 

15, 25. Storage circuit 

17, 27. Monitoring information generating circuit 
Low-speed path terminating device LTc ({S;i^>''^^~) 

37. F2 separating circuit 

38. Analyzing circuit 

FIG. 3 

270 bytes (2 7 0 h) 
9 bytes {9/<^ h) 
261 bytes (2 6 1 h) 
9 rows (9^IJ) 
Pointer y^) 
Section overhead (ir g 
87 bytes (8 7 y<-f h) 
Bus overhead 

STM-1: Synchro transport module level 1 
VC-32: Virtual container 32 
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VC-11: Virtual container 11 
FIG. 4 

19-1. Selecting circuit 

41. Parity check circuit 

42. F2 separating circuit 

43. Data receiving circuit 

44. Data combining circuit 

45. Data sending circuit 

46. F2 inserting circuit 

47. Parity changing circuit (B3 changed) 

Monitoring information S (from the monitoring information 
generating circuit 17) (^^W$SS~) 

FIG. 5 

Information line L ('IW^^L) 
FIG. 6 

High-speed path terminating device HTc (r^J^^^^~) 

17, 37. Fl separating circuit 

21, 41. Selecting circuit 

Low-speed path terminating device LTd 

11, 31. Frame synchronizing circuit (signal disconnection 
detection) 

12, 32, 52. Error detecting circuit 

13, 33, 53. Error rate calculating circuit 

14, 34, 54. Device monitoring circuit 
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15^ 35, 55, Storage circuit 

16, 36, 56. Clock 

18. Data receiving circuit 

19. 39. Monitoring information generating circuit 

20. Demultiplexing circuit 

22, 42, 58 Data sending circuit 

23. Fl inserting circuit 
64. Comparing circuit 
Information line L (tM/^L) 

FIG. 7 

End flag F 0^7 7 7^^^) 
Frame check sequence FCS 

Error condition notification information ALMh (MS^H 

Detection time TMh (^l±i~) 

Identifier IDh (i^SW 

Control C (MW 

Address A (T K^><^) 

Start flag F {fM^yy^l 

Information I (tf$B) 

Time 

FIG. 8 

ALMh3 error notification information (ALMh3~) 
TMh3 detection time (tMh3~) 
IDh3 identifier (iDh3~) 

ALMhi error notification information (alMhi~) 
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TMhi detection time (tMhi~) 
IDhi identifier (IDhi~) 

Error notification of high-speed path HPbs (i^ji^^"^^HPB3~) 

Error notification of high-speed path HPbi (iiJj^^'^^HPBi'^) 
Time (B^PbI) 

FIG. 9 

'Area A 11 T A) 

Low-speed path terminating device Tla i.^^^^^^^'^W'^ij) 

High-speed path terminating device Tha (i^3^>'"^-^^i'SS^STHA) 

Failure information Ala ($fi:Pf W^SAla) 

Failure information Aha (^fePi'ff ^Aha) 

Alarm collecting device DSVa (#$Bl|X^^gDSVA) 

Monitoring controller TMOSa (^^^'J^I^STMOSa) 

Failure point P {^WM.) 

High-speed path PN (ii55^>'"^>^) 

Area B U T B ) 

Low-speed path terminating device Thn {^^■^^^^^^W.'^m) 

High-speed path terminating device Tlb (i^J^^'^^lil-iS^MTLB) 

Low-speed path PL (jfiji^^''^;^) 

Failure information Ahb (Sfel^tt^AHB) 

Failure information Alb (Si:PftH$SALB) 

Alarm collecting device DSVb (I^^IIXS^SdSVb) 

Monitoring controller TMOSb (I^^^Jt^^MTMOSB) 

Center device MOSab ("fe^^^i^M) 



